Objective. Study objectives were to assess temporal trends and identify patient-and practice-level predictors of the prescription of antiplatelet medications in a national sample of ischemic stroke (IS) patients seeking ambulatory care. Methods. IS-related outpatient visits by adults were identified using the National Ambulatory Medical Care Survey and National Hospital Ambulatory Medical Care Survey for the years 2000-2007. We assessed prescribing of antiplatelet medications using the generic drug code and drug entry codes in these data. Temporal trends in antiplatelet prescribing were assessed using the Cochran-Mantel-Haenszel test for trend. Results. We identified 9.5 million IS-related ambulatory visits. Antiplatelet medications were prescribed at 35.5% of visits. Physician office prescribing of the clopidogrel-aspirin combination increased significantly from 0.5% in 2000 to 22.0% in 2007 (P = 0.05), whereas prescribing of aspirin decreased from 17.9% to 7.0% (P = 0.50) during the same period. Conclusion. We observed a continued increase in prescription of the aspirin-clopidogrel combination from 2000 to 2007. Clinical trial evidence suggests that the aspirin-clopidogrel combination does not provide any additional benefit compared with clopidogrel alone; however, our study findings indicate that even with lack of adequate clinical evidence physician prescribing of this combination has increased in real-world community settings.
Introduction
In 2008, approximately 7 million individuals were reported to have a history of stroke [1] . Stroke survivors have a 4 to 14% annual risk of recurrent stroke and a 1-5% annual risk of myocardial infarction (MI). To reduce the recurrence of ischemic stroke (IS), the major stroke type accounting for 85% of strokes, modification of vascular risk factors [2] [3] [4] , and antithrombotic therapy are recommended for stroke survivors [5, 6] . Antithrombotic therapy may include vitamin K antagonist therapy if atrial fibrillation is present (cardioembolic strokes) or antiplatelet therapy (noncardioembolic strokes). Antiplatelet therapy can reduce the relative risk of IS by approximately 15% [7] . Four antiplatelet agents (aspirin, clopidogrel, ticlopidine, and dipyridamole) are used alone or in combination to treat IS patients. However, few clinical trials of IS patients provide direct comparisons among antiplatelet alternatives. As a result, clinicians have uncertainty regarding the selection of antiplatelet therapy for secondary stroke prevention among patients with noncardioembolic IS [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] .
Between 2001 and 2006, several clinical trials were published that may influence clinicians' prescribing of anti-platelet therapy to IS patients: CURE (Clopidogrel 2 Advances in Pharmacological Sciences in Unstable Angina to Prevent Recurrent Events) [18] , CREDO (Clopidogrel for the Reduction of Events During Observation trial) [19] , and MATCH (Management of ATherothrombosis with Clopidogrel in High-risk patients with Recent Transient Ischemic Attacks or Ischemic Stroke) [20] . The CURE trial which showed that the combination of clopidogrel and aspirin was more effective than aspirin in reducing cardiovascular events in patients with coronary heart disease (absolute risk reduction 2%) may have led to increases in prescription of the clopidogrel-aspirin combination to patients with other types of vascular disease such as IS. Subsequently, this enthusiasm may have dampened when later trials (MATCH and CHARISMA) showed that dual antiplatelet therapy with aspirin and clopidogrel was no more effective than clopidogrel therapy alone and, in fact, the combination may be harmful. Alternatively, the European/Australasian Stroke Prevention in Reversible Ischaemia trial (ESPRIT) showed that, in patients with nonembolic recent minor cerebral ischemia, aspirin plus dipyridamole was more effective than aspirin alone in preventing vascular events, findings consistent with other studies. In 2006, updated clinical practice guidelines for secondary stroke prevention were published that generated much of these trial data and also discouraged the routine use of the aspirin and clopidogrel combination in IS patients.
Despite these major changes in the evidence and recommendations for antiplatelet therapy in vascular patients, few studies have examined temporal trends in physicians' prescribing of antiplatelet therapy to IS stroke patients in the ambulatory setting or in a population-based fashion [12] . As a result, little is known about temporal changes in ambulatory prescribing practices of antiplatelet agents to the US population of stroke survivors. In addition, the patient and physician predictors of antiplatelet therapy selection are unknown. Therefore, we assessed the temporal trends in prescribing of the various antiplatelet agents, alone or in combination, among patients with IS seeking ambulatory care using a nationally representative populationbased survey. We also explored patient-level and physicianlevel characteristics associated with prescription of specific antiplatelet therapies.
Materials and Methods

Data Source.
This study was a retrospective analysis of two national surveys: (1) National Ambulatory Medical Care Survey (NAMCS) [21] and (2) National Hospital Ambulatory Medical Care Survey (NHAMCS) [22] for the years 2000 through 2007. The NAMCS is a national survey on the utilization of ambulatory medical care services provided by nonfederally employed physicians. The NHAMCS is a national survey on ambulatory care services provided in general and short stay (average length of stay < 30) hospital outpatient departments (OPD) and emergency departments (ED). Federal, military, and veterans administration hospitals are excluded from this survey. Both NAMCS and NHAMCS are conducted annually and they utilize a multistage probability sampling with counties, groups of counties, county equivalents or towns, and townships within the US and the District of Columbia as the primary sampling unit. Both surveys provide information related to patient demographic characteristics, patient described reason for visit, physician diagnosis, payment source for the visit, and physician office/hospital location. Additionally, information on medication provided/prescribed (2000-2002: up to 6 medications are recorded; 2003-2007: up to 8 medications are recorded) during the visit is available. Each record in the data represents a patient visit. Patient visit weights provided in these data were used to obtain national estimates on ambulatory utilization at the physician office, hospital OPD, and hospital ED.
Patient Population.
We identified all patients age 18 years or older who had an ambulatory visit with a primary physician diagnosis of ischemic stroke (IS) using valid ICD-9-CM codes (433.x1, 434.xx, 436.xx) [23] [24] [25] [26] and recorded in the NAMCS and NHAMCS data from January 2000 through December 2007. Patients with a diagnosis for atrial fibrillation (ICD-9-CM code = 427.3x) or prescription for warfarin (generic drug code: 56205, drug entry codes: 34775, 07930; multum code: d00022) were excluded because these patients are likely to have cardioembolic stroke. The antiplatelet agents are primarily recommended for patients with noncardioembolic stroke and thus we excluded IS patients with diagnosis of atrial fibrillation or drug mention of warfarin.
Outcome
Measure. The primary outcome was an ambulatory IS visit with medication mention for antiplatelet agents. The antiplatelet agents considered for this study were aspirin, clopidogrel, dipyridamole, and ticlopidine as these agents were available during 2000 to 2007. We then categorized the antiplatelet agents into the following mutually exclusive categories: (1) aspirin only, (2) clopidogrel only, (3) aspirin and clopidogrel, (4) aspirin and dipyridamole, (5) dipyridamole only, and (6) ticlopidine.
The NAMCS [21] and NHAMCS [22] collect data on medications ordered or supplied at the physician office or ED/OPD visit. The medication data is then classified and coded using the drug coding system developed by the National Center for Health Statistics (NCHS) and is made available in the NAMCS and NHAMCS dataset. To assess the proportion of IS visits resulting in an antiplatelet medication documentation we used antiplatelet drug codes provided in the NAMCS and NHAMCS data.
2.4.
Covariates. The various patient characteristics considered in the analysis included race (white, black, and other), age (18-44 years, 45-64 years, and ≥65 years), gender (male and female), and primary payment source for the visit (private, Medicare, Medicaid and other). The various physician office/hospital characteristics in the analysis included region of the physician office or the hospital as defined by the US census bureau (Northeast, Midwest, South, West), location (urban: Metropolitan Statistical Area (MSA), rural: non-MSA), and visit setting (physician office, hospital OPD, and hospital ED). 
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Statistical Analysis
Patient visit weights were used to assess the national estimate on annual IS visits with and without a mention of antiplatelet agents. Temporal changes in the proportion of IS visits resulting in mention of antiplatelet agents were assessed during the 8-year study period, that is, 2000 to 2007, using the Cochran-Mantel-Haenszel test for trend. We further stratified the utilization trends by visit setting, that is, physician office, hospital ED, and hospital OPD, using indicator variable for visit setting available in the dataset. Associations between antiplatelet prescribing and patient and physician office/hospital characteristics were tested using the Chisquare test. All the statistical analyses were performed in SAScallable SUDAAN (version 10.0.1 hosted on the Windows platform) to account for the complex survey design of the NAMCS and NHAMCS and to provide weighted results that reflect population estimates. This study was approved by the Institutional Review Board at the Ohio State University.
Results and Discussion
Results
Patient Characteristics.
During the 8 year period, there were 9.5 million ischemic stroke-related ambulatory visits of which 6.8 million (71.1%) occurred in a physician office, 0.3 million (3.4%) in a hospital OPD, and 2.4 million (25.5%) in a hospital ED (Table 1) . Over 77% of the visits were by whites and approximately 50.1% were by females; 67.5% were by patients aged over 65 years. Among persons aged <65 years the proportion of visits increased from 26. Table 2 represents the univariate association between patient and physician office/hospital characteristics and antiplatelet drugs prescribed. No significant differences in prescribing of aspirin or clopidogrel monotherapy or aspirin-clopidogrel combination were observed by race or region. Older adults were more likely to receive clopidogrel monotherapy compared with younger adults (P = 0.03). The aspirinclopidogrel combination was significantly more likely to be prescribed among men compared with women (80.3% versus 19.7%; P < 0.01). Clopidogrel monotherapy (88.7%, P < 0.01) or in combination with aspirin (89.0%, P = 0.01) was more likely to be prescribed in a physician office compared with a hospital ED or a OPD. Overall, 0.98 million visits resulted in prescribing of aspirin-clopidogrel combination, for which the proportion increased significantly from 2.4% (0.02 million) in 2000-01 to 31.2% (0.30 million) in 2006-07 (P < 0.01).
Associations between Patient and Physician Office/ Hospital Characteristics and Antiplatelet Medications Prescribed.
Antiplatelet Prescribing Trend.
Among the IS patients, the proportion of patients receiving antiplatelet drugs increased from 28.1% in 2000-01 to 47.1% in 2006-07 (P trend = 0.02) ( Table 1 ). In 2000, the proportion of visits resulting in clopidogrel-aspirin combination was 0.8% which significantly increased to 16.1% in 2007 (P trend = 0.01) ( Figure 1 ). No significant changes in prescribing of dipyridamoleaspirin combination were seen (P trend = 0.87) in this study. During the same period, the proportion of patients receiving aspirin monotherapy declined from 13.6% in 2000 to 11.4% in 2007 (P trend = 0.80), while prescribing for clopidogrel monotherapy increased significantly from 2.9% in 2000 to 13.0% in 2007 (P trend = 0.05).
Prescribing trends varied significantly by the physician practice setting (Figure 2) . Proportion of IS patients receiving clopidogrel-aspirin combination significantly increased in the physician office setting (2000: 0.5%-2007: 22.0%; P trend = 0.02) whereas no significant changes in prescribing were observed in the hospital OPD/ED (2000: 1.4%-2007: 3.2%; P trend = 0.81) (Figure 2 ). In contrast, the proportion of IS patients receiving aspirin decreased considerably in the physician office setting (2000: 17.9%-2007: 7.0%; P trend = 0.50), while it increased significantly in the hospital OPD/ED setting (2000: 6.5%-2007: 20.9%; P trend = 0.06) (Figure 2) . No significant differences in prescribing of clopidogrel monotherapy and dipyridamoleaspirin combination in either setting were observed.
Discussion
To the authors knowledge this is the first comprehensive study evaluating the ambulatory (physician office, hospital 4 Advances in Pharmacological Sciences ED, and hospital OPD) prescribing trends for antiplatelet agents among community dwelling IS patients. We have identified significant changes in utilization pattern of antiplatelet agents among IS patients. During the 8 year study period (2000-2007), clopidogrel-aspirin prescribing increased significantly in the physician office setting. In contrast, the prescribing of clopidogrel-aspirin combination remained relatively low and stable in the hospital OPD and ED during the same period. However, the prescription of aspirin monotherapy increased dramatically in the hospital OPD and ED settings while it declined significantly in the physician office setting. We found that prescribing of clopidogrel alone was considerably higher among elderly compared with younger IS patients. Prior study findings suggest that the risk of bleeding is higher among elderly patients using aspirin plus clopidogrel combination compared with patients only using clopidogrel [27] . Additionally, a study assessing risk factors associated with bleeding reported that compared with aspirin only users, patients using aspirin in combination with ticlopidine or clopidogrel had a 68% higher risk of bleeding (odds ratio: 1.68; 95% confidence interval: 1.02-1.77) [20] . We also found a higher use of clopidogrel plus aspirin combination among males compared with females. Findings of a recent meta-analysis suggest that the use of clopidogrel plus aspirin was associated with lower risk of CVD events among both men and women; however, the addition of clopidogrel to aspirin therapy was associated with a 43% and 21% increased risk of bleeding among females and males, respectively [28] . Our findings suggest that physician prescribing of clopidogrel-aspirin combination may have been influenced by the publication of three major clinical trials. Findings from both CURE (08/01) [18] and CREDO (11/02) [19] suggest that the use of clopidogrel-aspirin combination can significantly reduce the relative risk for the primary outcome measure (death from cardiovascular causes, nonfatal myocardial infarction, or IS). Publication of these trials along with aggressive marketing and promotion by the drug manufacturers [12] may have resulted in the increased prescribing of the clopidogrel-aspirin combination during the study period.
During the period under consideration for this study, MATCH [20] was the third major published trial evaluating clopidogrel-aspirin combination versus aspirin monotherapy for the primary composite endpoint; that is, ischemic stroke, myocardial infarction, vascular death, or rehospitalization for acute ischemia. The findings of this study did not indicate any benefit of adding aspirin to clopidogrel treatment in reducing the risk of the primary outcome but in contrast increased the risk of bleeding. Hill and Johnston reported a decline in hospital use of this combination following the publication of MATCH [12, 20] , in contrast we found that the use of this combination continued to increase especially in the physician office setting after publication of MATCH. However, we did observe an increase in the prescribing of clopidogrel monotherapy in physician office setting following the publication of MATCH. Similarly, the American Heart Association/American Stroke Association guidelines published in 2006 that cautioned on the use of aspirin-clopidogrel combination did not seem to have an effect on physician office prescribing of this combination [6] .
We found a significant increase in prescribing of aspirin monotherapy in the hospital OPD and ED settings from 2000 to 2007. One of the reasons for this increased use may be the publication of the Chinese Acute Stroke Trial [29] and International Stroke Trial [30] and subsequent publication of the American Stroke Association guidelines (07/02) [31] , recommending the use of aspirin among patients suspected with acute stroke. Moreover since patients visiting hospital ED were more likely to present with acute IS it may explain Advances in Pharmacological Sciences 7 the increased use of aspirin monotherapy in hospital ED setting.
Surprisingly, during the entire study period the prescribing of dipyridamole-aspirin combination remained low even though this combination was shown to be effective in reducing the risk of recurrent IS or death as compared to aspirin monotherapy in the European Stroke Prevention Study 2 (ESPS-2) published in 1996 [32] . However, we did observe a considerable increase in prescribing of this combination in 2007. This increase may be due to the publication of ESPRIT trial in 2006, which highlighted the relative risk reduction in the primary outcome measure (i.e., composite of death from all vascular causes, nonfatal stroke, nonfatal myocardial infarction, or major bleeding complication) among patients using dipyridamole-aspirin combination compared with patients using aspirin monotherapy [33] .
In the wake of the above findings, there is a need to recognize certain limitations of this study. In this study the proportion of patients receiving antiplatelet medications ranged from 28% to 47% compared to 89% reported by Hill and Johnston [12] . This may be due to several reasons; firstly, both the NAMCS and NHAMCS data do not provide information on several important factors such as stroke severity, stroke type (first versus recurrent, acute versus nonacute), and contraindication to antiplatelet therapy. Secondly, antiplatelet agents are primarily recommended for patients with noncardioembolic IS; the data we used does not permit distinction between patients with cardioembolic or noncardioembolic stroke. However, we excluded patients with atrial fibrillation and those using warfarin considering this as a proxy for patients with cardioembolic stroke. Moreover, the important distinction between these two studies is the setting; our study focused on the ambulatory prescribing trends which may vary significantly from inpatient prescribing. Additionally, our analysis was restricted to patients with primary IS diagnosis selected using previously validated high sensitivity and specificity ICD-9-CM codes (433.x1, 434.xx, and 436.xx). Expanding the analysis to patients with secondary IS diagnosis or the use of other low sensitivity ICD-9-CM code(s) (e.g., 433.xx-without the 5th digit modifier) may affect the national estimates on ISrelated outpatient visits and anti-platelet prescribing trends. In sensitivity analyses using a low-specificity algorithm (433.xx, 434.xx, and 436.xx) [34, 35] , estimates on the number of IS-related ambulatory visits varied; however the proportion of patients receiving antiplatelet therapy remained relatively similar (data available upon request). The cross-sectional nature of the survey does not permit the evaluation of a patient's prior IS treatment. Even though the data provide information on both prescription and over the counter (OTC) medications prescribed or provided at the visit, the OTC availability of aspirin may underestimate the actual reporting of the aspirin use. Moreover, for both NAMCS and NHAMCS data the information on maximum number of medications provided has changed over the years; information on 6 medications was available during 2000 to 2002 which increased to 8 medications in 2003 to 2007. Finally, NHAMCS data do not contain information on physician specialty and thus we could not assess the association between physician specialty and antiplatelet use.
Conclusions
Our study highlights important changes in the prescribing patterns of antiplatelet therapy among IS patients. Our findings suggest that even with the lack of adequate efficacy evidence, safety concerns, and higher cost, the prescribing of clopidogrel-aspirin combination increased substantially during the study period. Quality improvement measures are warranted to educate physicians of the evidence regarding antiplatelet drugs for secondary stroke prevention and improve prescribing of safe antiplatelet drugs among IS patients.
